Background: Alu elements are highly researched due to their useful nature as markers in the study of human population genetics. Recently discovered Major Histocompatibility Complex (MHC) polymorphic Alu insertions (POALINs) have not been examined extensively for genetic variation and their HLA associations.
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Background
Alu insertion polymorphisms stem from the family of Short Interspersed Nuclear Elements (SINEs) that account for approximately 10% of the variation within human DNA with the human genome currently containing approximately 1.1 million Alu copies (Bennett et al. 2008; Stewart et al 2011) .
Alu sequences are derived ancestrally from the 7SL RNA gene and are mostly fixed in the human genome (Batzer and Deininger 1991) . However, some Alu elements remain transcriptionally active, mobile and are not-fixed within the genome and these polymorphic Alu insertions (POALINs) are of interest for population genetic diversity, evolution, disease and forensic analysis. Benefits of studying POALINs as evolutionary markers are related to their unique mutational mechanism, specifically a lack of both back mutation and recurrent forward mutation (Deininger and Batzer, 1999; Batzer and Deininger, 2002) . POALINs have proved useful in research with evidence reinforcing the out of Africa theory of human evolution (Stoneking et al. 1997; Antunez-de-Mayolo et al. 2002) . York et al. (1999) showed that Alu insertion frequencies may contain greater phylogenetic information than allele frequencies derived from point mutations; further strengthening the usage of POALINs as a useful tool in the study of evolution.
Based upon commonly shared diagnostic mutations, genetic ages and sequence differences three fundamental categories of Alu sequences have been defined: AluJ, AluS and AluY (Batzer et al. 1996; Kapitonov and Jurka 1996) . Within the AluY sub group, Alu members such as AluYa5 and Yb8 have been shown to be useful candidates in the investigation of human ancestral haplotypes, population genetics and disease associations. AluYb8 appears to be human specific and has been linked to genetic diseases like acholinesteremia (Muratani et al. 1991 ) and Huntington's disease (Goldberg et al. 1993 ).
The major histocompatibility complex (MHC) is a highly polymorphic region found on human chromosome 6p21.31 and hosts a large number of genes associated with immune function and disease. The main locus in this region is HLA (human leukocyte antigens) that can be divided into three sub-regions Class I, Class II and Class III. HLA region harbours a range of genetic polymorphisms like SNPs, (Walsh et al. 2003) , microsatellite repeats (Malkki et al. 2005) and POALINs (Kulski et al. 2001 Dunn et al. 2002 Dunn et al. , 2003 Kulski and Dunn 2005; Yao et al. 2009; Kulski et al.2010; Shi et al 2014) . The five POALINs recently discovered in the HLA class I region are AluMICB, AluTF, AluHJ, AluHG and AluHF, and these are part of the AluYb8/AluYa5 subfamily of Alus . Yao et al. (2008) highlighted that the addition of the HLA-A locus to Alu haplotype analysis yields more information on the MHC haplotypes.
AluHF, AluHG and AluHJ are located within the alpha block of MHC molecule;
AluHF is located slightly telomeric to the HLA-F gene, AluHG is located between HLA-G and HLA-A and AluHJ lies centromeric of HLA-J near the end of the alpha block. AluTF lies in the intergenic area between the kappa and beta blocks of the region and AluMICB lies within the first intron of the MICB gene closest to the centromere (see figure1)
There are only few studies on HLA-POALINs and there are no studies on Indian or UK populations, this study aims to document the level and extent of genetic variation at 5 POALINS and assess their usefulness in population genetics and disease. Based on migratory nature of two study populations, it is hypothesized that the two Indian populations will have a significant genetic difference from the British population. This analysis would contribute significantly to assess genetic relatedness and provide a database of allele frequencies for future genetic, disease and forensic investigations.
METHODS
Subjects and study protocol
This study examined 190 apparently healthy, unrelated participants from three subpopulations of the East midlands (UK); one British population and two Indian migrant caste groups, Gujarati Patels (Hindus) and Punjabi Jat Sikhs.
A questionnaire was used to collect demographic information about their group membership and migration history. Participants were apparently healthy, unrelated to the grandparent generation and have been living in the East Midlands for 2-3 generations. All blood samples were collected with written consent and the study was approved by the Loughborough University Ethical Advisory Committee and followed the principles of the Declaration of Helsinki. The DNA was extracted from blood samples using the organic method (Sambrook et al. 1989 ). All samples were analysed without the knowledge of group membership.
Polymerase Chain Reaction (PCR) for detection of these POALINs have been described previously (Kulski et al, 2001 (Kulski et al, , 2002a Dunn et al, 2002 Dunn et al, , 2003b .
The PCR was carried out using RedDy master Mix (Abgene) with variable MgCl2 concentrations (2mM for AluHG, AluMICB and AluTF, and 3mM for AluHJ and AluHF). Specific master mixes for each POALIN were created based upon a standard ratio to provide a final reaction volume of 10μl. This basic ratio was 5μl RedDy Mix (with variable MgCl2), 3μl ultra-pure H 2 O, 0.5μl forward primer, 0.5μl reverse primer. To this 1 μl of DNA of approximately 100ng/ μl was added. The DNA samples were amplified as per standard cycling conditions; initial denaturation of 5 minutes at 94°C followed by 35 cycles of denaturation at 94°C for 30 seconds, specific primer annealing at specific temperatures (see supporting information, table 1) for 30 seconds and extension at 72°C for 60 seconds with the final extension of 5 minutes at 72°C. 2-3% agarose gel electrophoresis was used for separation of alleles and genotypes were scored based on presence or absence of specific band sizes. The individual band sizes along with selected gel pictures are given in supporting information (Table 1 and Figure 1 ).
Statistical Analysis
Allele frequencies were calculated by the allele counting method. Hardy-Weinberg equilibrium was calculated for loci using observed and expected genotype frequencies. Chi-square test was used to compare genotype frequencies between populations. Haplotype analysis was performed using Arlequin® software (version 3.11) (Excoffier, Laval, & Schneider, 2005) .
Genetic distances were calculated using Nei's D A genetic distance (Nei et al. 1983 ) and resultant dendrograms were constructed using UPGMA (Unweighted Pair Group Method with Arithmetic Mean) method (Sokal and Michener, 1958) using NTSYSpc programme (Rohlf, 2009 ). Multi-dimensional scaling analysis was also carried out using the NTSYSpc programme.
RESULTS
The sample size, genotype and allele frequencies with standard error, HWE chi-square, observed and expected heterozygosity and inbreeding coefficient (f) are given in Table 1 . All Alu loci were polymorphic in three populations studied though no homozygote insertion genotypes were for observed for AluMICB locus in any of the study populations. Significant departure (p<0.05) from Hardy-Weinberg equilibrium (HWE) was observed for 5 populations/loci combinations (AluMICB in all populations and AluTF and AluHF in Gujarati Patels). Departures from HWE were not observed after using the Bonferroni correction (corrected p value = 0.003 for 15 chi-square tests). None of the HWE p-values were below this revised threshold.
Substantial allelic variation is apparent in these samples with average higher insertion frequency among British (0.272) followed by Punjabi Jat Sikh (0.217) and Gujarati Patels (0.202). At individual loci there is appreciable variation at AluHG and AluTF loci among the study populations (Table 1) [ Insert table 1 here] Inbreeding co-efficient (f) values showed wide variation among the different populations and genetic loci (Table 1) . Gujarati Patel population had the lowest observed heterozygosity (0.309) and highest inbreeding coefficient (0.029), suggesting some barriers to mating and endogamous structure.
Punjabi Jat Sikh population inbreeding coefficient was -0.051 indicating heterogeneous (possibly multiple migrations) nature of the sample.
Pairwise genotype comparisons using chi-square showed that the Gujarati Patel population differed significantly at AluHG from White British population (chi-square10.05, DF 2, p<0.01). Appreciable differences in allele frequencies at this locus also led to overall heterogeneity (chi-square 11.78, DF 4, p<0.05). All other pairwise comparisons were non-significant.
Allele frequency data was used to calculate Nei's D A genetic distance (Nei et al. 1983) where it becomes apparent that the largest genetic distance is between the British and Gujarat Patel populations (0.0064) followed by British and Punjabi Jat Sikhs (0.0031) and the closest relationship was between Punjabi Jat Sikhs and Gujarati Patels (0.0012). The UPGMA dendrogram (was constructed for these populations (not shown here, as combined results are given in figure 2) which shows a distinct separation between the British and the two Indian populations and highlights the close relationship between the two Indian populations.
The haplotypes constructed from the all loci showed significant variation among populations. Punjabi population had highest number of observed haplotypes (30), British (29) and Gujarati the lowest (23) ( Table 2 ). The haplotype frequencies showed that the absence of an Alu insertion at each locus was the most common haplotype with frequencies of 0.1989, 0.2416 and 0.3621 in the British, Punjabi Jat Sikh and Gujarati Patel populations respectively. All insertion haplotype was only estimated in British population and was missing in both Indian populations. Haplotype based dendrogram also illustrated similar typology as observed with allele frequencies.
[insert table 2 here] Using published data from selected populations (Table 3) In this analysis one can see that population relationships are clearly reflecting the genetic origins and geographical similarities even when only five Alu loci are used. Chinese sample from Malaysia had some very extreme insertion frequencies which led its isolation from other Chinese populations. Similar results were observed in multi-dimensional scaling (MDS) analysis plot ( Figure 3 ). One should be cautious in interpreting relations in this analysis as achieved stress level is 0.145 which is considered as good to fair fit in terms of goodness of fit (Kruskal 1964) . In MDS and dendrogram analyses, both Indian populations show a very close relationship. Similar results have been observed for other genetic loci (SNPs, STRs, Alus) among these populations (Ghelani et al. 2011; Mastana 2014 ).
[insert table 3 and figure 2 and 3 here]
COMMENT
This study was carried out to determine genetic variation between three populations as assessed by five POALINs as a primary objective and secondly to increase data available from previously unstudied groups. As such this study confirms the presence of genetic variation at HLA-Alu loci among British and Indian populations. It also documents significant allele frequency differences among the study populations which may have bearing on their association with HLA loci involved in disease and transplantation analysis. Overall our results are consistent with previous studies Yao et al., 2008; 2009; Kulski et al 2011) . British frequencies are comparable to Australians. There are no studies from India for comparison but overall range is similar to previous European and Asian studies (see table 3 ). Watkins et al. (2003) documented that that the average Alu insertion frequencies for European and Indian populations are 0.559 and 0.544 respectively. Within our data the average insertion frequencies (for five loci) were 0.272, 0.217 and 0.202 for the British, Punjabi Jat Sikh and Gujurati Patel populations respectively. These frequencies are lower than those observed in above large study confirming that HLA Alus are relatively young and recent insertion events derived from the Yb8 subfamily (Tian et al. 2008 ).
Based upon these observations and previous research on the MHC POALINs
it may be useful to use these MHC POALINs in population studies. Genetic distance analysis clearly shows that POALINS have the potential for separating the populations even when only a limited number of loci in disease linked region are used. Allele frequency and haplotype based dendrograms displayed the same typology for the study populations.
Haplotype frequencies are as would be expected and are comparable to previous results Shi et al 2014) , showing a reduction in frequency as the number of Alu insertions are increased within the haplotype. Batzer et al. (1990) estimated that the probability of two or more independent insertions at the same nucleotide site was close to zero based on the knowledge that only 100-200 Alu elements in the human genome would be polymorphic after a million years. Therefore when a number of multiple POALIN haplotypes were identified, it could be considered as outcome of recombination within the MHC. Dunn et al. (2005) examined this and suggested that when more single POALIN haplotypes than multiple POALIN haplotypes were observed compared to expected values it supports the idea of recombination. They explain that due to the extremely low likelihood of multiple Alu insertions occurring at different loci within the same individual, it is much more probable that haplotypes with multiple POALINs have arisen through recombination of haplotypes with single but different Alu insertions. This is an interesting premise which warrants further analysis using HLA genes and POLAINs in these populations as a range of immune system diseases show variable prevalences in these groups.
The major limitation of this study is relatively small sample size, and absence of HWE at AluMICB locus. At this locus no homozygote insertion genotype was observed in any of the study populations. Kulski et al. (2002) found that the AluyMICB insertion "occurred at relatively low gene frequency (0.113-0.118)" and that in their study populations only four people from 200 Northeastern Thai's and two people in 109 Western Australians were homozygous for the insertion. So it would be very optimistic to find a homozygous individual in small sample set of this study.
Based upon the results found in this study and the previous research Kulski and Dunn, 2005; Yao et al. 2009; Kulski et al 2011; Shi et al. 2014 ) it has been demonstrated clearly that the MHC POALINs are useful genetic markers for the study of human populations and diseases but to be truly helpful they must be studied in a greater number of populations around the world and their associations should be examined with reference to HLA loci and diseases. • * All HWE departures are significant at p <0.05, After Bonferroni correction (p<0.003), All loci are in HWE. 0.0092 0.0118 0.0044 0.0069 1-2-1-2-2 0.0091 0.0079 0.0041 0.0083 1-1-2-2-2 0.0108 0.0150 0.0009 0.0036 2-2-1-2-1 0.0097 0.0161 0.0023 0.0055 0.0034 0.0062 2-2-1-1-1 0.0028 0.0070 0.0127 0.0152 2-2-2-2-1 0.0075 0.0142 0.0014 0.0043 2-1-2-1-2 0.0099 0.0167 0.0000 0.0003 0.0019 0.0045 2-2-1-1-2 0.0095 0.0149 0.0002 0.0018 2-2-1-2-2 0.0002 0.0015 0.0018 0.0047 1-2-2-1-2 0.0026 0.0076 0.0029 0.0056 2-2-2-1-1 0.0003 0.0028 0.0017 0.0054 2-1-1-2-2 0.0036 0.0080 0.0103 0.0138 1-2-2-2-2 0.0076 0.0105 0.0045 0.0092 0.0009 0.0029 2-1-2-2-2 0.0006 0.0030 2-1-2-2-1 0.0012 0.0041 1-2-2-1-2 0.0152 0.0180 2-2-2-2-2 0.0002 0.0014 
